Introduction
The construction industry by its nature is a dangerous one. It is widely recognised as having high accident rates, which result in absence from work, loss of productivity, permanent disabilities and even fatalities (Fung et al. 2009 ). Apart from causing human tragedies, construction accidents also delay project progress, increase costs and damage the reputation of the builder (Gangolells et al. 2010) . To prevent accidents from recurring, it is crucial to establish post-investigations so that lessons learnt can be integrated into mitigation strategies (Hinze & Wilson 2000) . In that sense, a detailed, critical analysis of accidents in the construction industry is of immense importance. Previous studies on construction accidents have looked into the causes, types of injuries and their magnitudes, places of injuries and the types of occupations that are vulnerable. One of the recurring themes in most of these studies is the disproportionate ratio of fatal to non-fatal accidents in the industry. Thus, the majority of accident prevention strategies mainly looked at fatal accidents. Nevertheless, factors affecting the severity of an accident remain an understudied area compared to factors causing an accident. Though only a few studies have examined the severity, more are required to fully comprehend why some accidents are minor in outcome while others are fatal.
The aim of this study is to provide empirical evidence using a very large accident database to further our understanding of accident severity. It uses a concept model developed through a literature review to; firstly, verify conclusions made by past studies; and secondly provide some new dimensions that have not been previously considered. The study is expected to shed some light on factors associated with accident severities. When these factors are well understood, preventive measures can be designed specifically for high risk factors.
Factors Affecting the Severity of Construction Accidents
In order to uncover factors linked to construction accidents, researchers have used accident databases. Some studies have attempted to relate personal and work characteristics such as age, ethnicity, gender, occupation and work experience to accidents. These factors could indicate a relationship between accidents, and human physical conditions and occupational qualities. They can also help identify the groups of construction workers who are highly prone to accidents. Furthermore, they allow mitigation strategies to be specifically targeted using workers' characteristics as preliminary factors. These characteristics are believed to be influential in workers' behaviours on a construction site, which could be unsafe in certain circumstances. Hinze et al. (2005) found human errors are mainly responsible for construction accidents. A number of factors were uncovered by Choudhry and Fang (2008) relating to human error.
Site conditions or work environments play an important role in construction accidents (Chi et al. 2013) . Construction sites are often labelled as unsafe, dangerous or hazardous places to work (Sherratt et al. 2013) . The fact that, construction activities are diverse with changing project teams and difficult-to-handle materials and equipment, could lead to human errors that are uncontrollable (Al-Humaidi & Tan 2010) . Moreover, the temporary and transitory nature of construction sites are claimed to contribute to accidents (Hallowell & Gambatese 2009) . While environmental factors such as climate, temperature, and geographical conditions could be considered as typical characteristics for a construction site (Liao & Perng 2008) , organisational factors may include characteristics referring to construction organisations and project-based procurement of works (Rozenfeld et al. 2010) . The size of construction organisation was analysed by Lingard and Holmes (2001) . They justified the significance of small businesses as they are the majority in Australia and on average employ less than 20 workers. Being small firms, their characteristics were often associated with poorer management skills and inadequate implementation of safety measures. Organisational and environmental factors were focused on by Ling et al. (2009) who emphasised factors relating to time, month, location, size of organisation, and type of construction. López et al. (2008) showed that time of day and day of the week are associated with accident severity. Their study led to a further investigation into other factors associated with the environment such as climatic, geographic and behavioural factors and their impact on accident severities (López et al. 2011 ).
Personal and work characteristics combined with the working environment are believed to influence the creation of a hazardous environment that could be triggered by different mechanisms that cause an accident (Cheng et al. 2012; Chi et al. 2013 ). According to Safe Work Australia (2013), the mechanism of an accident describes the action, exposure or event directly causing an injury. The mechanism of accident could lead to a further explanation on the severity as suggested by Arquillos et al. (2012) . The work of Gangolells et al. (2010) showed that construction safety can be enhanced by understanding associations between safety risks (or the mechanism of injury) and construction work types. The model developed by Chi et al. (2013) places unsafe acts, unsafe working conditions and accident types at the core in order to explain three different severity levels. In addition, the part(s) of the body affected by an accident could determine the severity. The significance of studying these two factors in a coordinated manner is evident in Pinto et al. (2012) , in which the mechanism of injury (so-called accident modes) and injured body segments were used in the process of developing a work accidents severity model. In a study by Jeong (1998) , an analysis of the mechanisms and bodily locations of injuries were used to explain the reasons for fatalities and non-fatalities in South Korea. The study concluded that some characteristics of accident mechanisms were associated with the injured body locations. Detailed investigations by Gibbs et al. (2005) demonstrated the mechanism of injury with injured body locations could provide a large number of clues regarding occupational safety and the selection and design of tools, equipment and materials. Ale et al. 2008; 2-Arquillos et al. 2012; 3 -Cheng et al. 2012; 4-Chi et al. 2013; 5 -Chi et al. 2005; 6-Frickmann et al. 2012; 7-Gurcanli & Mungen 2009; 8-Hinze et al. 2005; 9-Huang & Hinze 2003; 10-Im et al. 2009; 11-Jackson & Loomis 2002; 12 -Jeong 1998; 13-Kartam & Bouz 1998; 14-Kines et al. 2007; 15-Larsson & Field 2002; 16-Ling et al. 2009; 17-Lipscomb et al. 2010; 18-Lopez et al. 2008; 19-Lopez et al. 2011; 20-Macedo & Silva 2005; 21-Salminen et al. 1992 Based on the literature, we postulate a conceptual model, as shown in Figure 1 , in which personal characteristics, work environment and activity undertaken by the victim decide the level of exposure that was present at the time of an accident. The exposure when triggered by an appropriate mechanism leads to the accident which in turn causes an injury. Thus, the five factors as given in Figure 1 could be used to explain why some accidents are very mild in severity while others are fatal. 
Research Method
Data for this study came from SafeWork South Australia (SafeWork SA), which is the state government's occupational health, safety and welfare agency. It collates workers' compensation claims data obtained from WorkCover SA into a database for policy analysis. WorkCover SA is a government agency, responsible for the prevention and compensation of occupational accidents and diseases in South Australia. It is entrusted with the administration and regulation of the Workers Rehabilitation and Compensation Act 1986 and the South Australian Workers Rehabilitation and Compensation scheme. This database is made available to researchers after signing an agreement with regard to its use specifically to safeguard the confidentiality of victims. The data contained 352,360 accidents reported during 2002-11 in South Australia. Of this total, 24,764 construction accidents were extracted based on the Australian and New Zealand Standard Industrial Classification (ANZSIC) coding. The raw data was segmented into 13 sub-categories under the five main themes of the conceptual model described above. A summary of the data used for this study is given in Table 2 .
There are many drawbacks in using accident databases (Larsson & Field 2002) . First, the analysis would not be detailed or rigorous enough compared to other tools such as case studies (Solis-Carcano & Arcudia-Abad 2013; Haslam et al. 2005; Aneziris et al. 2012; Abdelhamid & Everett 2000) , questionnaire surveys (Chau et al. 2004; Tam et al. 2004; Martin et al. 2009; Rivas et al. 2011) or interviews . Second, all variables associated with an accident cannot be included in the analysis due to the limited number of factors reported in a database. Third, all accidents occurring during the period under consideration would not be reported, especially the minor accidents which do not benefit from claims or fatalities for which no next-of-kin are available to report. In addition, with regard to the use of claim databases, people working in the informal sector and as sole traders or partnerships would not have an insurance policy (Larsson & Field 2002) . Thus, underreporting can create a bias in the sample that is being analysed (Dong et al. 2011) . Despite these limitations, the major advantage of using accident databases is the large sample size. The present study uses 24,764 construction accidents and the large sample size provides an opportunity to use statistical tools to generalize the results. Thus, we used IBM SPSS statistical software package for data analysis.
Research hypotheses were formulated to confirm relationships between different factors of the conceptual model and accident severity. Acceptance of null hypotheses (H a ) indicated no statistical association between the accident-related factor and severity. On the other hand, rejection of null hypotheses (alternative hypotheses) indicated a statistical association between the two variables. The analysis was carried out using the chi-square statistic (χ 2 ) for independence test. An r x c contingency table (matrix) was constructed to accommodate the chi-square test. It followed two important assumptions of the chi-square test. First, the chisquare is operated on the contingency table. It should not be performed on a repeatedmeasures design. Second, the expected frequencies must be greater than five to maintain statistical power. To overcome the second assumption's violation in the chi-square test, SPSS provides Exact Tests which are embedded in the cross-tabs dialogue box. Besides the asymptotic test of significance, the Exact method and the Monte Carlo method are included to identify the unbiased p-value. The Exact method is appropriate when the sample size is relatively small. On the other hand, it is suggested that for a large sample size, as in this research with 24,764 cases, the Monte Carlo method is the most appropriate. The Monte Carlo exact test is a repeated sampling method which allows large data to be computed to a 99% confidence interval for the exact p-value with an unbiased estimate (Mehta & Patel 2010) . 
Defining Accident Severity
While accident severity is an understudied area compared to accident causation (see Manu et al. (2012) for a review of accident causation in construction), past researchers have used varying scales to measure 'severity'. A classic categorisation is between fatality and nonfatality (Jeong 1998; Safe Work Australia 2013; Salminen et al. 1992; Workplace Health and Safety Queensland 2012) . The work of Chi et al. (2013) classifies severity into 3 types, these being fatality, hospitalised and non-hospitalised injuries. Using a similar philosophy, Aneziris et al. (2012) classified severity into lethal injuries, non-lethal permanent injuries, and recoverable injuries. More elements have become available for the severity analyses such as work days lost, temporary and permanent injury, and categorisations such as minor or light, medium, severe or serious, and very serious (Ale et al. 2008; López et al. 2011; López et al. 2008; Ling et al. 2009; Arquillos et al. 2012; Rozenfeld et al. 2010) . Some studies applied a combination of severity categories developed previously by other researchers (Salminen 2004) . Other studies developed severity assessment using mathematical formulations such as fuzzification process, Monte Carlo simulation and Bayesian Statistics (Pinto et al. 2012; Martin et al. 2009 ). Some studies employed standard guidelines of accident severity classified by health and safety authorities or medical authorities (López et al. 2008; Ling et al. 2009 ). In this study, the severity of construction accidents is divided into six categories based on a combination of number of lost days and whether the victim was hospitalised for treatment:
 Minor -Incidents with no lost days or hospitalisation  Moderate -Incidents with no lost days but hospitalisation  Serious -Incidents with 1-3 lost days  Severe -Incidents with 4-10 lost days  Critical -Incidents with more than 10 lost days  Fatal -Incidents with un-survivable conditions
Results and Discussion
The findings of the analyses are discussed below under different sections as postulated in the conceptual model in Figure 1 .
Worker Characteristics
The results in Table 3 show that an increase in age is directly linked to the degree of accident severity. It shows that the majority of minor to moderate injuries are suffered by workers aged between 20 to 29 years (26.2% and 37.5% respectively). They are underrepresented among other levels of severities. As the age increased, the proportion of serious, severe and critical injuries tended to increase. The highest proportions of serious, severe and critical injuries occur in the 40-49 age group (around 30%). The highest proportion of fatal accidents occurs in the 50-59 age group and this cohort is overrepresented among fatalities (almost 35%). The results confirm that the age of construction workers was significantly associated with injury severity (χ 2 = 319.227; d.f. = 25; p < 0.001). The relationship between the age of construction workers and injury severity has been suggested in many studies as shown in Table 1 . A direct relationship, i.e. severity increase with age, was formed between these two variables (Arquillos et al. 2012; Lopez et al. 2008; Salminen 2004 ). Li and Poon (2009) revealed that the majority of serious injuries occur in the 47-56 age group. Cheng et al. (2012) and Jackson and Loomis (2002) found that workers older than 55 constitute the majority of fatal accidents, while Arquillos et al. (2012) concluded that workers more than 60 years old had fatal accidents. According to Frickmann et al. (2012) older workers suffered few accidents but they tended to be more severe. The present study confirms the above observations and clearly shows that older workers are prone to fatal accidents.
In order to explore the impact of experience on accident severity, workers who had less than one year of experience at the time of accident were categorised as 'new' workers. Interestingly, the new workers who suffered accidents were highly under-represented in serious and severe levels (1.1% and 5.3% respectively). This clearly shows that they are less prone to moderate injuries. The result shows an association between the level of experience and severity (χ 2 = 110.785; d.f. = 5; p < 0.001). According to Poon et al. (2002) , accidents happened at a lower rate for workers with less than 1 year and more than 11 years of experience and most accidents involved persons with 1 to 10 years of work experience. Arquillos et al. (2012) show that workers who had less than one month of service in the company, and those who between 5-10 years of service are susceptible to accidents; the former due to lack of experience and the latter due to misjudgement of hazards. Lopez et al. (2008) contend that workers with less than ten days and between 10-30 years of experience are at higher risk of accidents. Rameezdeen and Ratnasabapathy (2007) confirm this phenomenon and conclude that workers who are experienced neglect hazards very often due to self-confidence that 'it won't happen to me'. Cheng et al. (2012) and Im et al. (2009) also confirm that workers with less than one month's experience are highly prone to accidents. The present study shows that not only does the severity of accidents among new workers vary, but these workers are under-represented among moderate injury consequences. A study by Teo et al. (2005) found training to be an effective way of preventing accidents, especially for those who only recently joined the construction industry.
According to the 2011 Census, females comprise 13% of construction workers in South Australia (Australian Bureau of Statistics 2013). Though only a few females have met with accidents (2.82%), their representation is relatively higher in serious, severe and critical levels as shown in Table 3 (13.8%, 7.1% and 3.5% respectively). Interestingly, none of the female workers had a fatal accident during this period. The data analysis confirmed an association between gender and injury severity (χ 2 = 104.640; d.f. = 5; p < 0.001). Many past studies have shown that female workers are under-represented among accidents in general and those with fatal and severe consequences (Cheng et al. 2012; Lopez et al. 2008; Hinze et al. 2005) . While the present study confirms the above findings, a relatively high percentage of critical injuries at 13.8% and an almost negligible minor and moderate injury record (2.7% and 1% respectively) suggest that the injuries to female workers are of moderate consequence. According to Hinze et al. (2005) , the difference in severity is considered to be a reflection of the differences in occupations (trades) between men and women. A study on young Latino workers in the US by O'Connor et al. (2005) discovered that language barriers were contributors to the Latinos' high accident and fatality rates. According to Menzel and Gutierrez (2010) , language and communication were regarded as factors contributing to risks of workplace injuries. In their study, construction workers with poor English skills were prone to risks because they were unable to understand safety training and written safety instructions. The present study also confirms that non-native English speakers were highly represented among critical accidents. The percentage of non-native speakers who are critically injured is 2.6% which is twice as large as their overall representation among accidents (1.3%). Interestingly, they are not documented in fatalities and severe injuries. Despite a very small proportion of non-English speaking workers among accident victims, language was statistically associated with accident severity (χ 2 = 31.645; d.f. = 5; p < 0.001).
Work Environment
While company size has been studied extensively in the past as seen in Table 1 , project size has not been considered to be related with accidents. In the present study, however, both the organisation size and the project size were categorised into: small, with less than 20 employees; medium, with between 21 and 200 employees; and large, with more than 200 employees. Statistical analysis indicated a significant association between the organisation size and severity (χ 2 = 1234.215; d.f. = 10; p < 0.001). As shown in Table 4 , the representation of small companies among fatal (55%) and critical (48%) accidents was disproportionately high. Past studies have shown that organisation size does influence the risk exposure of workers (McVittie et al. 1997) . Workers in small organisations experienced a greater severity of injuries in accidents (Lopez et al. 2008; Cheng et al. 2010; Fabiano et al. 2004 ). Chi et al. (2005) identified that inexperienced workers and those working for smaller companies were found to be at greater risks of fatal falls. However, the findings of Arquillos et al. (2012) were the opposite. They found larger companies had more fatal accidents than smaller companies. Im et al. (2009) demonstrated that workers of larger construction companies are prone to more accidents than those in other industries. The present study confirms the former argument that workers in small companies are vulnerable to fatal injuries.
It was believed that the larger the project size, the more efforts were needed to protect the people on site (Ankrah et al. 2009 ). Contrary to this assertion, results of the present study as reported in Table 4 indicate that small projects had a higher proportion of fatal (58%) and critical (48%) injuries. The statistical analysis confirmed an association between project size and injury severity (χ 2 = 977.106; d.f. = 10; p < 0.001). A review by Atkinson and Westall (2010) showed in two out of three studies that smaller projects had a higher accident frequency rate (AFR). Similarly, Cheng et al. (2012) found small private projects had a large number of accidents compared to bigger projects. On the other hand, large public projects were found to have more accidents than smaller projects. Smaller private projects do not take safety very seriously as the client is not in a position to fund safety measures. Large public projects tend to be mainly infrastructure projects which are very complex and as a result safety issues are very common. The results of the present study confirm the opinion that smaller projects are more vulnerable than medium and large projects in terms of accident severity. The observations are very similar to the issue of organisation size discussed earlier. Thus taken together, employees belonging to small companies and working for small projects were over-represented among fatal and critical accidents, while those who are from large companies and large projects faced disproportionately high serious and severe accidents. Employees of medium-sized companies and working for mediumsized projects were found to be relatively safe.
With regard to the location of site, it was asked whether location has an impact on injury severity. The hypothesis was that if the site is located in a congested high density area, more effort was needed to protect workers. A study by Ling et al. (2009) showed that high rise construction projects in the CBD contained a higher risk of fatal accidents. In the present study the post code of the site location was used: 5000 as Adelaide CBD; 5001-5100 as inner suburbs of Adelaide; 5101-5200 as outer suburbs; and above 5200 as regional South Australia. The result shows an association between the worksite location and severity (χ 2 = 155.897; d.f. = 15; p < 0.001). A comparatively high fatality could be observed in sites located in the CBD, which is almost double (10%) the proportion of all accidents happening in CBD sites. This supports the findings of Ling et al. (2009) . However, to the contrary, projects in regional SA and the outer suburbs were more prone to fatal accidents than those occurring in the inner suburbs. Past research has shown that the time of accident has an impact on the severity (Loudoun 2010) . Kines (2002) (Ling et al. 2009) . A similar result for the USA was reported by Huang and Hinze (2003) where most construction accidents occur between 10:00-11:00 in the morning and 13:00-14:00 in the afternoon. The present study confirms the above observations and finds a disproportionally high fatality during 2-4 pm, which is almost 35%. While a relatively large number of accidents occur during 8-10 am, the proportion of fatalities is very low (7%). Similarly, during 10-12 noon, the proportion of fatalities is slightly lower than the overall injuries (21% against 27%). Despite confirming some past observations, the association between time of accident and severity in the present study is relatively weak (χ2= 98.736; d.f. = 55; p<0.005).
Similar to the above results, the study could not establish an association between the day of the week and injury severity ( (2012) used seasons to differentiate the climate zone characteristics of Spain. The study found that climate conditions influenced the severity rates. Huang and Hinze (2003) indicated a higher accident rate in summer compared to winter. Chi et al. (2013) showed weather conditions had a statistically significant relationship with accident types. Nevertheless, the study failed to show a relationship between weather and injury severity. According to the findings of Ling et al. (2009) , fatalities in Singapore's construction industry increased just before the rainy season began due to the rush to complete work. Day of the week was reported by López et al. (2008) as a factor associated with injury severity. The study claimed the number of accidents fell as the week progressed. Arquilos et al. (2012) showed Monday had a disproportionately high accident rate and called it the 'Monday Effect'. Liao and Perng (2008) revealed that the majority of fatalities in building construction occurred during the morning (7.00 to 11.00) of a rainy Monday or Tuesday in Taiwan.
Activity at the Time of Accident
The work activity carried out by the victim at the time of accident was considered to be instrumental in deciding the severity. Accordingly, the type of construction and the occupation of victim were included to represent this variable. According to Australia's 2011 Census, out of 53,576 workers, 30.5% were involved in building works, 7.5% heavy and civil engineering works, 2.3% general construction, and 59.6% in construction services (Australian Bureau of Statistics 2013). The results of the present study show that workers in the building sub-sector were over-represented in fatalities (30%) while those in the heavy and civil engineering sub-sector mainly accounted for serious and severe accidents (80% and 68% respectively). The analysis showed a significant association between the type of construction and the level of injury severity (χ2 = 606.756; d.f. = 20; p < 0.001). According to Cheng et al. (2012) , accidents are more common in building construction compared to the other sub-sectors. Huang and Hinze (2003) found that falls are very common in commercial and single residential building projects. The results of the present study confirm the above observations and show that severity of accidents among workers in the building sub-sector is comparatively higher than in the other sectors.
With regard to occupation, seventeen major categories as listed in Table 5 were included. Carpenters were found to be over-represented in moderate accidents; unskilled workers in serious and severe accidents; mechanics and plant operators in fatal accidents. Fatalities among mechanics and plant operators (12.5% and 25%) were almost double that of their representation in overall injuries (6.3% and 11.5% respectively). Statistical analyses confirmed a significant association between the occupation and the level of injury severity (χ2 = 610.699; d.f. = 80; p < 0.001). Jackson and Loomis (2002) 
Mechanism of Accident
The mechanisms of accidents as shown in Table 6 were based on the Type Of Occurrences Classification System (TOOCS) of the Australian Safety and Compensation Council. Most minor and moderate injuries were related to 'struck by' incidents while serious, severe and critical were due to lifting, carrying and over-exertion. At the fatal level, besides others, the major mechanism of accident was related to equipment/vehicles (15.0%). Electric shock and equipment/vehicle related accidents were over-represented among fatalities. While falls were under-represented among fatalities, it is one of the major causes of critical accidents (27.6%). The outcome revealed a statistically strong association between accident mechanism and severity (χ 2 = 899.832, d.f. = 35; p < 0.001).
Previous studies have reported that falling from a height contributed to the most severe consequences of a construction accident (López et al. 2008; Tam et al. 2004; Huang & Hinze 2003) . In Japan, South Korea, Taiwan and Singapore, the most common type of construction deaths was due to falling from a height (Cheng et al. 2012; Im et al. 2009; Navon & Kolton 2007) . According to Cheng et al. (2012) falls are very common in private projects compared to public projects. Other researchers also stressed that falling from a height is the major cause of fatalities (Jackson & Loomis, 2002; Kartam & Bouz, 1998; Haslam et al. 2005; Navon & Kolton, 2007; Meldrum et al. 2009; Wong et al. 2009; Larsson & Field 2002) . Arquillos (2012) found that loss of machine control and falls were higher in serious, very serious and fatal construction accidents in Spain. Poon et al. (2002) estimated that half of the construction accidents involved falling from heights and struck by objects. Struck-by accidents primarily involve workers struck by equipment, private vehicles, falling materials, vertically hoisted materials, horizontally transported materials, and trench cave-in (Hinze et al. 2005) . Perttula et al. (2003) found that over-exertion was the main cause of non-fatal accidents in construction. Contact with electricity or electric discharge also emerged as a major cause of construction accidents (Wong et al. 2009 ). Edge protection proved to be the most sensible remedy to protect against fatal falls in the Netherlands (Ale et al. 2008) . However, contrary to the popular view, falls were not very significant in the present study. 
Body Location of Injury
Like the mechanism of accident, the body location of the injury was based on the Type Of Occurrences Classification System (TOOCS). The result shows that hand was mainly associated with minor and moderate accidents while trunk was linked with serious, severe, and critical accidents as shown in Table 7 . However, the fatalities indicated a different outcome. Besides others, internal organs, multiple injuries, and head were dominant among fatalities. The results suggested a statistically significant association between the injured bodily location and severity (χ 2 = 1189.832; d.f. = 50; p < 0.001). Of all the studies cited here, Arquillos et al. (2012) is noteworthy because they discriminated between injuries that were negligible in impact to those that could lead to fatalities. The most dangerous injuries were found among concussions, to internal organs, multiple lesions, heart attack and stroke. Zhang et al. (2009) disclosed that the most commonly injured body location of US workers from 1997 to 2005 were extremities, torso, and the head and neck. Ling et al. (2009) found that in addition to multiple injuries, head and trunk were the most vulnerable areas. While the above observations are general in nature, some studies specifically focused on the relationships between a particular mechanism of accident and the injured body location (Cowley & Leggett 2010; Kines 2002 ). Confirming the above results, this study showed that trunk is associated with most of the serious, severe and critical accidents while multiple locations and internal organs with fatalities.
Summary of the Research Results
The model that was originally postulated in this study (see Figure 1 ) to explain accident severity levels is well supported. However, the factors are re-arranged, as shown in Figure 2 , in accordance with the empirical findings of the analysis of data for the South Australian construction industry. Worker characteristics, work environment and the activity undertaken by the victim decide the level of exposure that was present at the time of an accident. When that situation is triggered by an appropriate mechanism, the accident will take place. The accident coupled with the injured body location will decide the level of injury severity. While the study looked at the relationship of factors that govern the level of exposure and severity, other relationships in the model has not been explored. They are indicated by arrows WM, CM, and WM. To obtain a comprehensive understanding of severity, these intermediate relationships need to be explored in more detail. Similarly, the intermediate relationship between mechanism and injured body location (indicated by ML in Figure 2 ) was not covered in this study. It is proposed that these relationships could be a topic worthy of research in the future. 
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Conclusions
This paper presented the results of a statistical analysis carried out on 24,764 accidents reported from the South Australian construction industry during 2002 to 2011. Six severity categories and thirteen factors representing characteristics of victims, work activity undertaken at the time of accident, work environment, mechanism of accident and the injured body location were included in the study. The relationship between injury severity and those five groups of potential factors were undertaken using the chi-square independence test. The study showed that worker characteristics such as age, experience, gender and language background and work environment variables such as organisation size, project size and location, mechanism of accident, and body location of the injury could be used to discriminate among different severity levels of an accident. As the age of the worker increases the severity of accidents tends to increase. Experienced workers tend to be common among severe accidents compared to relatively new workers. Females were found to be under-represented among accidents as well as fatalities. Workers belonging to small companies and working for small projects were common among severe accidents while those from medium-sized firms and projects are the safest. Sites located in regional SA and Adelaide's outer suburbs were prone to fatal accidents compared to those in the inner suburbs. Building projects were found to be more dangerous than other types of construction, while mechanics and plant operators were common among the fatalities. Contrary to the findings from the literature, falls were not overwhelmingly related to severe accidents. Internal organs, multiple injuries and the head were mainly associated with fatal accidents compared to other body locations. While the above generalizations are not neat and clear-cut, the model seems able to explain why some accidents end up with minor severities while others prove to be fatal. Factors such as the time of accident, day of the week and the season were not strongly associated with accident severities.
Despite the valuable findings, the study suffers from a few limitations. First, the research design itself has a few shortcomings as explained in the methodology section. Studies using accident databases have these inherent weaknesses that could not be eliminated by the research design. Second, this study used percentages of accidents under each severity level. While they are useful in explaining the association between the factor and severity levels, the number does not provide any meaning unless it is converted into an 'accident rate'. To obtain accident rates, a denominator that could represent the size of the factor must be used. While we tried to obtain data related to the size of each factor (through Australian Bureau of Statistics, etc.), the large number of factors has prevented us from using accident rates for this analysis. Nevertheless, the study is useful as it is based on a very large sample that was obtained for a consecutive period of 10 years.
